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Production of polyclonal, monospecific antibodies against the uPAR 
variants del4, del5, and del4+5 and their use for diagnostic and 

therapeutic purposes 

Description 

This invention relates to the production and use of specific antibodies for the 
detection of human tumor associated urokinase-type plasminogen activator 
receptor (uPAR) deletion variants in biological samples. 

New perceptions of the role of the tumor-associated urokinase-receptor in tumor 
invasion and metastasis of solid malignant tumors are the fundamental basis for 
the development of new therapy strategies which are based upon tumor 
biology, in particular in breast and ovarian cancer. The invasive growth of 
tumors as well as the development of tumor metastasis are known to be 
multifactorial processes, among which the proteases of the plasminogen 
activator system, like the urokinase-type plasminogen activator (uPA) und it's 
inhibitor (PAI-1), play a determining role. The uPA-receptor (uPAR; CD87) takes 
a key position due to it's ability to focus and activate the uPA enzyme system on 
the cell surface. Since uPAR appears structurally in different molecular forms in 
tumors, it is difficult to characterize it's functional and biochemical properties. 

The urokinase-receptor, uPAR, which is a heavily and heterogeneously 
glycosylated protein with a relative mass of 45-60 kDa is anchored via a GPI- 
lipid anchor in the cell membrane. In the primary structure of uPAR, three 
different homologue domains can be differentiated, of which each are coded by 
two exons of the uPAR gene. The interaction with uPA is mainly mediated by 
domain I (Dl) of uPAR. However, further determinants for the uPA/uPAR- 
interaction are localized in domain II (DM) and domain III (Dill). uPAR can bind 
vitronectin, a protein of the extracellular matrix with high affinity by a further 
interaction determinant (presumably located in Dll/lll). After binding of uPA 
intracellular signal transduction can be mediated by different pathways. uPAR 
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builds multimeric complexes with other membrane- and "second messenger"- 
proteins in the cell membrane of activated monocytes, which cause signal 
transduction, and indicates their functional cooperation. 

5 It is known, that uPAR does not only underlie a posttranslational regulation and 
reversible activation because of cellular stimulation and ligand binding. Due to 
its structure, uPAR can appear in different molecular forms. These different 
forms may have different biological activities in tissue, in particular in tumor 
tissue. After cleavage of the glycolipid anchor by cell-associated enzymes, the 

10 soluble form of uPAR (suPAR) can be detected in body fluids of tumor patients. 
In addition, different glycosylation variants of uPAR were described. Stimulation 
of cells (e.g. by phorbolester) leads to a clear increase of the glycosylation 
grade of uPAR. Mild chymotrypsination cleaves the uPAR molecule between Dl 
and DM. The resulting fragments Dl and DII/III show chemotactic activity in vitro 

15 for different cell types. Only limited statements are found in the literature on the 
in vivo deposit of the uPAR fragments Dl and DII/III, respectively. It was 
described, however, that a DII/III uPAR variant (by cleavage of Dl) is found in 
some tumor cell lines and in ovarian cyst fluid of ovarian cancer. A tumor 
selective appearance of uPAR deletion variants is so far not known. In addition, 

20 no method exists so far which would be capable of selectively detecting uPAR 
deletion variants. 

It was now surprisingly found that a higher expression rate of uPAR deletion 
mutants was found in tumor cells. Furthermore, a method is provided which is 

25 capable of characterizing tumor associated variants, in particular deletion 
variants of uPAR in ovarian and mammary tumors. Results produced by the use 
of this method can be utilized in tumor diagnostics and in particular as a 
parameter to judge prognosis. The method preferably comprises the use of 
uPAR antibodies under conditions which allow the selective determination of 

30 uPAR deletion variants, to evidence uPAR variants in biological samples, e.g. in 
an ELISA method. Here, preferably antibodies are used which selectively bind 
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uPAR deletion variants. Furthermore, uPAR deletion variants are provided for 
therapeutic intervention and agent screening. 



One embodiment of the invention relates to nucleic acids, which code for the 
5 deletion variants of the human uPAR receptor which preferably at least partially 
and/or essentially completely lack one or two exons of the complete sequence, 
for example exon 4 and/or exon 5. These nucleic acids preferably code for 
polypeptides which are selectively expressed in tumors and tumor cells, in 
particular in human mammary and ovarian tumors. "Selectively expressed" 
10 means under these circumstances, that a different expression rate is 
qualitatively or/and quantitatively detectable with a suitable test in tumor cells 
and normal cells. 

Figures 1 (SEQ ID No. 1 and 2), 2 (SEQ ID No. 3 and 4), and 3 (SEQ ID No. 5 
15 and 6) show the nucleotide and amino acid sequence of the preferred tumor 
associated uPAR deletion variants del4, del4+5, and del5. The sequence of 
deletion variant del5 according to Figure 3 (SEQ ID No. 5 and 6) is already 
described in a public database (Genbank Accession No. U8839). However, no 
hint towards a tumor selective expression of this deletion variant can be found 
20 there. Figures 4A, B, 5A, B, and 6A, B show a comparison of the nucleotide and 
amino acid sequence of the deletion variants with the corresponding wild-type 
sequence (SEQ ID No. 7 and 8). 

In addition to the nucleotide sequences in Figures 1-3, the complementary 
25 sequences and the sequences that in line with the genetic code commensurate 
to these nucleotide sequences, the present invention also comprises nucleotide 
sequences which hybridize with one of the aforementioned sequences, 
preferably with the fusion sites. Especially preferred the nucleotide sequence of 
this invention is double-stranded or single-stranded DNA, but it can also be 
30 RNA. Especially preferred are nucleotide sequences of this invention 
comprising a part of the displayed nucleotide sequences or a sequence, which 
has an identity of more than 80 %, preferably more than 90 % and in particular 
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preferably more than 95 % of the displayed nucleotide sequences or preferably 
an at least 18 nucleotides comprising segment of it. The grade of identity I is 
calculated as follows: 

5 /(/«%) = yX 100 

whereby N is the number of identical bases between the sequence to be 
studied and the basic sequence and L is the length of the basic sequence. 

10 Nucleotide sequences of this invention are preferably available from mammals 
and in particular from human beings, e.g. by nucleic acid amplification, e.g. by 
PCR. On the other hand, nucleic acids can also be generated by recombinant 
methods and/or by chemical synthesis. 

15 Probes and primers of this invention, particularly uPAR specific 
oligonucleotides, are characterized in that they selectively recognize the uPAR 
deletion variant and not the native sequence, i.e. selectively hybridize with an 
uPAR deletion variant coding nucleic acid. They can also be used according to 
known methods as hybridization probes and/or amplification primers. They span 

20 preferably the deletion area, i.e. the beginning of the sequence is upstream of 
the beginning of the deletion and the end of the sequence is downstream of the 
end of the deletion. 

Probes and primers are preferably equipped with markers or labeling groups. 
25 Preferred are also primer combinations which are suitable for the identification 
of different mRNA/cDNA species. In particular such primers are preferred which 
span the uPAR deletion areas in del4 or/and del5 or/and del4+5. 

Further embodiments of this invention relate to polypeptides, namely uPAR 
30 deletion variants, which are coded by the above defined nucleic acids and to 
their use as diagnostic and therapeutic targets. These polypeptides comprise 



5 



preferably the amino acid sequences of Figure 1 for del4 (SEQ ID No. 2), Figure 
2 for del4+5 (SEQ ID No. 4), and Figure 3 for del5 (SEQ ID No. 6). 

In addition to the displayed polypeptide sequences this invention also concerns 
5 variants and fragments thereof. Among these are short amino acid segments of 
the displayed amino acid sequences which have a minimum length of six amino 
acids, particularly preferred of eight amino acids, and primary sequences of the 
deletion areas which are different to the complete uPAR primary sequences. 

10 Furthermore, peptides and polypeptides of this invention can also be 
synthesized chemically. 

The invention comprises also allelic variations or splice variations of the uPA- 
receptor proteins, as well as proteins produced by recombinant DNA 
15 technology, which in respect of their biological and/or immunological activity 
essentially correspond to the described proteins. 

The polypeptides of the invention can be used in a method useful for the 
identification of agents, that selectively modulate the activity of an uPAR 
20 deletion variant, especially inhibit the activity of an uPAR variant. 

A further embodiment of the present invention relates to a vector that contains 
at least one copy of the nucleic acids of this invention. This vector can be any 
prokaryotic or eukaryotic vector that contains the DNA-sequence of this 
25 invention, preferably together with expression signals, like promoters or further 
expression control sequences. The vector described in this invention is most 
preferably an eukaryotic vector, e.g. a vector suitable for higher cells, like a 
plasmid vector. 

30 A further embodiment of the present invention concerns a cell which was 
transformed with a nucleic acid as described in this invention or a vector as 
described in this invention. The cell can be an eukaryotic as well as a 
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prokaryotic cell. Methods for the transformation of cells with nucleic acids are 
common state of the art and therefore need not to be explained in detail. 
Examples for preferred cells are eukaryotic cells, in particular cells derived from 
animals and particularly preferred mammalian cells. 
5 ■ — - - 

A further embodiment of the present invention concerns a method for the 
recombinant production of polypeptides of the invention comprising the steps of: 
providing a nucleic acid according or a vector as described above, introducing 
the nucleic acid or vector into a suitable host cell, culturing the host cell in a 
10 suitable medium for the purpose of polypeptide expression, and isolation of the 
expression product from the medium and/or the host cell. Preferably said host 
cell is a mammalian cell, e.g. CHO. 

Further embodiments of the present invention relate to antibodies against the 
15 deletion variants of the uPAR polypeptide. Polyclonal antisera can be obtained 
by immunization of laboratory animals with polypeptides or fragments thereof, 
respectively, which are described in this invention. For the production of 
antibodies the peptides and/or polypeptides described in this invention are 
preferably coupled to carrier proteins like KLH (Keyhole Limpet Hemocyanin) or 
20 BSA (Bovine Serum Albumin). 

The resulting conjugates can be used as immunogens for the immunization of 
laboratory animals, e.g. rabbit, chicken, guinea pig, goat, sheep, or horse. 
Particularly preferred for the immunization are peptides that correspond to the 
25 fusion crossover of the uPAR deletion variants. The subsequent resulting 
polyclonal antibodies essentially do not show any cross reactivity to native 
uPAR. The cross reactivity should be less than 20 %, preferably less than 10 % 
and most preferred less than 5 %. 

30 The antibodies described in this invention can also be conjugates with a 
labeling group and/or cytotoxic group. The labeling group can be an enzyme 
like alkaline phosphatase or peroxidase, a fluorescence label, as well as a 
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radioactive labeling. Cytotoxic labeling can be radionucleotides or toxins. 
Antibodies of such nature could be used for diagnostic tests, in particular in 
mammary or ovarian cancer tissue, as well as for therapeutic purposes. For 
instance, using the ELISA technique, samples can be analyzed with respect to 
5 the presence of deletion variants in biological samples. Furthermore, said 
antibodies can be used as inhibitors of uPAR deletion variant activity. 

By using the selective antibodies of the present invention it is possible to 
produce a test system for the prognostic evaluation of tumor tissue extracts to 
10 determine the frequency of relapse or the probability of survival of tumor 
patients, i.e. that by using the antibodies of this invention valuable information 
regarding the prognosis of tumor patients can be obtained. 

Diagnostic analysis can also be carried out with specific nucleic acid probes for 
15 the detection on the nucleic acid level, in particular on the transcription level. 
Suitable are probes/primers of this invention for the production of a kit for the 
amplification of uPAR deletion variant specific mRNA, e.g. in a RT-PCR 
application. 

20 Furthermore, the invention concerns a pharmaceutical composition, which is 
characterized by the fact that it contains nucleic acids, transformed cells, 
polypeptides, peptides and/or uPAR deletion variant selective antibodies as 
active components. Particularly preferred is the use of this pharmaceutical 
composition, preferably of an uPAR deletion variant specific antibody, as a 

25 therapeutic or diagnostic agent in tumor diseases such as mammary and 
ovarian cancer. 

Furthermore, antibodies that are directed against the deletion variants of uPAR 
can be used for the production of a therapeutic agent, which e.g. selectively 
30 blocks the function of tumor cells. Moreover, these antibodies in form of 
conjugates with a cytotoxic group can be utilized to prevent growth of tumor 
cells or to kill the tumor cells. 
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Further embodiments of the present invention are antisense nucleic acids, e.g. 
oligonucleotides described above, which cover the fusion area of the uPAR 
variants and can specifically be used to block the expression of uPAR variants. 



Furthermore, the invention concerns a method for the detection of tumors 
associated with the generation of at least one uPAR deletion variant comprising 
the steps of: 

(a) obtaining a cDNA containing sample from a tumor to be investigated, and 
10 (b) analysing the cDNA of said sample to determine whether alternative 
splicing of uPAR has occurred and at least one uPAR deletion variant 
has been generated, wherein the at least one uPAR deletion variant is 
del4, del5 and/or del4+5. 

15 According to the invention, the step of analysing the cDNA of said sample 
comprises: amplifying the cDNA to obtain a quantified control amplification 
product comprising the nucleic acid coding for wild type uPAR or a fragment 
thereof and a quantified amplification product comprising the nucleic acid 
coding for the at least one uPAR deletion variant or a fragment thereof, if 

20 present, and determining the ratio of wild type uPAR:uPAR deletion variant by 
comparing the quantified amplification products. Preferably the cDNA is 
amplified with a first set of primers complementary to sequences contained in 
regions bridging the deleted sequences in uPAR deletion variants to obtain the 
amplification product comprising the nucleic acid coding for the at least one 

25 uPAR deletion variant or a fragment thereof, and wherein the cDNA is amplified 
with a second set of primers complementary to sequences contained in the wild 
type uPAR to obtain the control amplification product comprising the nucleic 
acid coding for wild type uPAR or a fragment thereof. 

30 The amplification of the cDNA can be done by conventional amplification 
procedures known in the art. Preferably the amplification of the cDNA is done 



9 



by real-time RT-PCR amplification. More preferably the amplification of the 
cDNA is done by real-time LC RT-PCR. 

According to the invention, the tumor sample, which can be used in the method 
5 for the detection of tumors associated with the generation of at least one uPAR 
deletion variant, can be any tumor sample of any origin. It is however prefered 
that the tumor sample is obtained from a patient, e.g. a human being. In 
particular, the tumor sample is obtained from a tumor selected from the group 
consisting of breast, ovarian, small cell lung, and pancreatic tumors. More 
10 preferably the tumor sample is a breast tumor sample. 

In a prefered embodiment of the invention the method for the detection of 
tumors associated with the generation of at least one uPAR deletion variant is 
used for providing a prognosis for tumors associated with the generation of at 
15 least one uPAR deletion variant. In this connection it is prefered that the ratio of 
wild type uPAR:uPAR deletion variant is greater than 0.043. 

According to the invention, the term "prognosis" inter alia comprises the 
characterization of tumors associated with the generation of at least one uPAR 
20 deletion variant, e.g. if the tumors investigated are more invasive, are more 
likely to have metastasis, are more likely to have a shorter disease free survival 
period or have higher rates of recurrence than tumors not associated with the 
generation of uPAR deletion variants. 

25 Moreover, the invention relates to a method of predicting the risk of cancer in a 
tumor-bearing patient comprising the steps of: 

(a) obtaining a cDNA containing sample from a tumor of said patient, and 

(b) analysing the cDNA of said sample to determine whether alternative 
splicing of uPAR has occurred and at least one uPAR deletion variant 

30 has been generated, wherein the at least one uPAR deletion variant is 

del4, del5 and/or del4+5, 
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wherein patients having tumors associated with the generation of at least one 
uPAR deletion variant are at a higher risk to develop cancer than patients 
having tumors not associated with the generation of uPAR deletion variants. 

5 According to the invention, the step of analysing the cDNA of said sample 
comprises: amplifying the cDNA to obtain a quantified amplification product 
comprising the nucleic acid coding for the at least one uPAR deletion variant or 
a fragment thereof, if present. Preferably the cDNA is amplified with a set of 
primers complementary to sequences contained in regions bridging the deleted 
10 sequences in uPAR deletion variants to obtain the amplification product 
comprising the nucleic acid coding for the at least one uPAR deletion variant or 
a fragment thereof. 

The amplification of the cDNA can be done by conventional amplification 
15 procedures known in the art. Preferably, the amplification of the cDNA is done 
by real-time RT-PCR amplification. More preferably, the amplification of the 
cDNA is done by real-time LC RT-PCR. 

According to the invention, the tumor sample, which can be used in the method 
20 for the detection of tumors associated with the generation of at least one uPAR 
deletion variant, can be any tumor sample of any origin. It is however prefered, 
that the tumor sample is a breast, ovarian, small cell lung, or pancreatic tumor 
sample. 

25 The invention also relates to a method of providing a prognosis for a tumor- 
bearing patient comprising the steps of: 

(a) obtaining a cDNA containing sample from a tumor of said patient, 

(b) analysing the cDNA of said sample to determine whether alternative 
splicing of uPAR has occurred and at least one uPAR deletion variant 

30 has been generated, wherein the at least one uPAR deletion variant is 

del4, del5 and/or del4+5, and 
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(c) correlating the presence of the at least one uPAR deletion variant in the 
tumor of the patient with a prognosis of the patient. 

According to the invention, the step of analysing the cDNA of said sample 
5 comprises: amplifying the cDNA to obtain a quantified control amplification 
product comprising the nucleic acid coding for wild type uPAR or a fragment 
thereof and a quantified amplification product comprising the nucleic acid 
coding for the at least one uPAR deletion variant or a fragment thereof, if 
present, and determining the ratio of wild type uPAR:uPAR deletion variant by 

10 comparing the quantified amplification products. Preferably the cDNA is 
amplified with a first set of primers complementary to sequences contained in 
regions bridging the deleted sequences in uPAR deletion variants to obtain the 
amplification product comprising the nucleic acid coding for the at least one 
uPAR deletion variant or a fragment thereof, and wherein the cDNA is amplified 

15 with a second set of primers complementary to sequences contained in the wild 
type uPAR to obtain the control amplification product comprising the nucleic 
acid coding for wild type uPAR or a fragment thereof. 

The amplification of the cDNA can be done by conventional amplification 
20 procedures known in the art. Preferably, the amplification of the cDNA is done 
by real-time RT-PCR amplification. More preferably, the amplification of the 
cDNA is done by real-time LC RT-PCR. 

According to the invention, the tumor sample, which can be used in the method 
25 for the detection of tumors associated with the generation of at least one uPAR 
deletion variant, can be any tumor sample of any origin. It is however prefered, 
that the tumor sample is a breast, ovarian, small cell lung, or pancreatic tumor 
sample. 

30 In a prefered embodiment of the invention the ratio of wild type uPAR:uPAR 
deletion variant is greater than 0.043. 
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Further on, the invention is described in the following figures and examples. 
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Figure 1 



Figures 

shows the nucleotide and amino acid sequence for the uPAR 
deletion variant del4 (SEQ ID No. 1 and 2). 
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Figure 2 shows the nucleotide and amino acid sequence for the uPAR 
deletion variant del4+5 (SEQ ID No. 3 and 4). 



Figure 3 shows the nucleotide and amino acid sequence for the uPAR 
deletion variant del5 (SEQ ID No. 5 and 6). 



15 Figure 4 



shows a comparison between the nucleotide sequence (A) and the 
amino acid sequence (B) and the wild-type sequence (SEQ ID No. 
7 and 8) for the deletion variant del4. 



Figure 5 shows a comparison between the nucleotide sequence (A) and the 
20 amino acid sequence (B) and the wild-type sequence (SEQ ID No. 

7 and 8) for the deletion variant del4+5. 
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Figure 6 shows a comparison between the nucleotide sequence (A) and the 
amino acid sequence (B) and the wild-type sequence (SEQ ID No. 
7 and 8) for the deletion variant del5. 
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Figure 7 shows the detection of suPAR (uPAR variants) in supernatants of 
CHO cells, which were transformed with uPAR variants coding 
plasmids. HU277/IIIF10, HU277/HD13, and ADI correspond to 
different ELISA systems. 
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Figure 8 shows the results of the expression of del5 and del4+5 as 
glycophoshoinositol-anchored variants detected by ELISA. 
Legend: wt = CHO cells; RSV = CHO + vector transformation; 
D2+3 and D2+3CP = uPAR variants without domain 1; del5 = 
. - . uPAR del5; del4+5 = uPAR del4+5 

Figure 9 shows the results of the expression of del5 and del4+5 as 
glycophoshoinositol-anchored variants detected by flow cytometry. 
Legend: gray = mouse IgG irrelevant; light blue = mAb IIIF10; blue 
= HD13.1 

Figure 10 shows peptides, which were selected for immunization. Identical 
amino acids are accentuated in yellow. 

Figure 11 shows the results of the Western-Blot analysis of the isolated 
peptide specific antibodies according to Example 1.3. 

Figure 12 shows a summary of the Western-Blot analysis performed 
according to Example 1.3. 

Figure 13 shows the results of the ELISAs performed according to Example 
1.3. 

Figure 14 shows a comparison of the Western-Blot analysis and ELISAs 
performed according to Example 1.3. 

Figure 15 shows various uPAR expression plasmids. In addition to the 
protein sequences described, all uPAR plasmids encode the 
native N-terminally located signal sequence of uPAR (22 amino 
acids) which is post-translationally clipped off during export. 

Figure 16 shows the detection of uPAR mRNA splice variants. 



(A) Qualitative RT-PCR analysis of non-malignant cells 
(keratinocytes [HaCaT], polymorphonuclear neutrophils [PMN]) 
and breast cancer cells (T47D, aMCF-7, MCF-7, BT549). 
Amplified cDNA was separated by agarose (2 %) gel 

5 electrophoresis.- Sequencing of the purified PCR bands confirmed 

the existence of uPAR-wt cDNA and uPAR variant del5 and 
del4+5 cDNA. 

(B) Exon organization of the different splice forms and the domain 
structure of uPAR. Legend: wt: In wild-type uPAR, exon 1 encodes 

10 for the signal peptide sequence, each protein domain (Dl, Dll, Dill) 

is encoded by a pair of exons. del5: Variant uPAR mRNA missing 
exon 5 of Dll. del4+5: Newly detected uPAR mRNA variant lacking 
exons 4 and 5 encoding Dll. 

(C) Primer localization for the uPAR RT-PCR. Legend: 1 and 6: 
15 forward and reverse primer, respectively, of qualitative RT-PCR, 2: 

forward primer of real-time PCR, 4: reverse primer of del2+3+4 
PCR, 3/6: reverse primer of del4+5 PCR. 

Figure 17 shows the detection of uPAR antigen and uPAR mRNA variants in 
20 cancer cell lines and in CHO cells transfected with expression 

plasmids encoding GPI-linked uPAR variants. Cellular uPAR 
content was measured using the Imubind ADI-ELISA. The 
existence of uPAR mRNA variants was proved by DNA 
sequencing of products derived from qualitative RT-PCR. Legend: 
25 n.d.: DNA sequence not determined. 

Figure 18 shows the detection of uPAR antigen in stably transfected CHO 
cells with plasmids encoding GPI-linked uPAR variants. 
(A) Expression of GPI-linked uPAR variants on CHO cells was 
30 detected by flow cytofluorometry using epitope-mapped mAbs 

against uPAR. Values are corrected for cell-associated 
fluorescence of vector-transfected cells. Note that the staining 
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intensity of CHO cells expressing GPI-uPAR variants corresponds 
with the epitope specificity of the used mAbs against uPAR. 
(B) Reaction pattern of mAbs directed against uPAR-DI and (C) 
against uPAR-DII in Western Blot analysis of recombinant uPAR 
and of lysates derived from CHO cells transfected with GPI-linked 
uPAR variants. Note that the Dll-specific mAb IID7 (mapped 
epitope: aa 125-132 of domain II of uPAR) does not detect the 
del4+5 variant. 



Figure 19 shows LightCycler PCR standard curves for quantification of uPAR 
mRNA variants. The plots of molecule numbers detected versus 
theoretical molecule numbers of del2+3+4 (A) and del4+5 (B) were 
generated each from 14 independent PCR runs. Correlation of the 
values is R=0.99996 (del2+3+4) and R=1. 00351 (del4+5), 
respectively. The coefficient of variation was 9.7 % on the average 
for both assays. 



Figure 20 shows the relation of uPAR mRNA expression to uPAR antigen 
content in breast cancer tissues specimens. 

(A) Regression plot of del2+3+4 mRNA analyzed by real-time 
LightCycler RT-PCR (normalized to GAPDH) in relation to the 
uPAR antigen content determined by uPAR-ELISA. 

(B) Regression plot of del4+5 mRNA analyzed by real-time 
LightCycler RT-PCR (normalized to GAPDH) in relation to the 
uPAR antigen content determined by uPAR-ELISA. 

Figure 21 shows the ratio of del4+5 versus del2+3+4 mRNA values in 
relation to disease recurrence frequency in breast carcinomas. 

Figure 22 shows the associations of histomorphological and biochemical 
variables and disease-free survival (DFS) in a representative 
group of breast carcinoma patients. Each tumor has been 
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histologically typed and graded. PAI-1, uPA and uPAR content of 
tissue extracts was measured using Imubind ADI-ELISAs. The 
level of uPAR mRNA variants was quantified by LightCycler RT- 
PCR. 

5 ■ . ■ - - - 

Figure 23 shows the significance of uPA and uPAR variant expression in 
tumor tissue extracts of primary breast cancer. Probability of 
disease-free survival (DFS) in a group of 43 breast cancer patients 
was calculated and plotted accordingly to Kaplan-Meier statistics. 

10 Patients were grouped into low- and high-risk patients using the 

median value of each parameter (as summarized in Fig. 22). The 
level of del4+5 mRNA (A) and del2+3+4 mRNA (B) was 
determined quantitatively by real-time LightCycler RT-PCR. 
Urokinase content of tissue extracts (C) was measured by Imubind 

15 --- uPA-ELISA. 

Examples 

Example 1: 

20 

In a first study, mammary tumor cell lines, non-malignant cell lines, and 
mammary tumor tissue were searched for alternatively spliced uPAR mRNA 
variants. Moreover, uPAR variant specific antibodies were produced for the 
analysis of uPAR variants in tumor extracts. 

25 

The study underlying Example 1 was performed according to Examples 1.1 to 
1.4. 

Example 1.1: Detection of mRNA splice variants of uPAR 

30 



To clarify whether uPAR mRNA splice variants exist in tumor cells, mRNA was 
isolated from mammary tumor cell lines, from non-malignant cell lines, and from 
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mammary tumor tissue and RT-PCR was performed using specific primers for 
uPAR exons 1 and 6. In the non-malignant cell lines, predominately full-length 
uPAR-cDNA was found, whereas in mammary tumor cell lines, deletion in exon 
4 (del4), in exon 5 (del5), and in exons 4+5 (del4+5), respectively, were 
5 detected. This was verified by sequencing of the amplificates. uPAR exon 
variants were also detected in ovarian tumor tissue. 

Example 1.2: Cloning and expression of different uPAR deletion variants 

10 Different uPAR deletion mutants (deletion-exon-4 = del4, del5, del4+5) were 
generated, cloned, sequenced, and transfected into CHO-cells (transient 
transfection). As controls, transfectants with complete uPAR cDNA (D123) and 
cDNA for Dl (D1), respectively, were used. The supernatants of the transfected 
CHO-cells were harvested after 72 hours and analyzed using uPAR-ELISA. All 

15 expressed uPAR-variants (suPAR) could be detected in the corresponding cell 
culture supernatant, vector control and culture media were negative. Whereas 
the uPAR variants with exon 4 deletion and the complete uPAR molecule were 
detected in the same manner by the ELISAs; in case of the del5 and del4+5 
expression plasmid a different reaction pattern were seen. The uPAR-del5- 

20 variant was detected only partially by the HU/HD13- opposed to the HU/IIIF10- 
ELISA, whereas the de!4+5 variant was only detected by the HU/IIIF10-ELISA. 
Translated proteins of all known uPAR-mRNA-splice variants are detectable 
with the HU/IIIF10-ELISA (Fig. 7). 

25 uPAR del5 and uPAR del4+5 were additionally expressed in CHO cells as 
glycophosphoinositol (GPI)-anchored cells and the expression was confirmed 
by ELISA (ADI; HU/IIIF10; Fig. 8) and flow cytometry (FACS-analysis; Fig. 9). 
D2+3 and D2+3CP represent control variants of uPAR, which both lack domain 
I of the native protein. The HU/IIIF10-ELISA can not detect these variants, 

30 whereas the ADI-ELISA (American Diagnostica) can detect these variants. 

Example 1.3: Production of antibodies 
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Peptides (Fig. 10) are coupled to the hemocyanin of a slug (KLH, Keyhole 
Limpet Hemocyanin) using m-maleimidobenzoicacid-N-hydroxy-succinimidester 
(MBS). KLH is lightly stirred in phosphate buffer with MBS for app. 30 minutes 
5 - at room temperature and excess of MBS is removed by gel filtration. Thereafter 
the peptide is solved in phosphate buffer and EDTA solution is added. This 
peptide solution is added to the concentrated MBS protein solution and is 
slightly shaked for four hours at room temperature. Alternatively, peptides can 
be coupled to bovine serum albumin (BSA) according to standard protocols. 

10 

For the immunization rabbits are normally used. The immunization of the rabbits 
is performed by subcutaneous injection of the coupled peptide and Freund's 
Adjuvant. 4 weeks after the first injection the first booster injection is applied. 
Thereafter, immunizations are performed in two-week intervals and after the 
15 second booster injection, always 10 days after the immunization, a blood 
sample is taken from the ear vein. The serum derived from the blood is used for 
antibody titer determination. The antibody titer is determined by an indirect 
ELISA procedure. 

20 In addition to rabbits, also chicken or guinea pigs can be used to raise 
polyclonal antibodies according to standard procedure. Here, six animals per 
species (rabbit, chicken and guinea pig, respectively) were immunized with 
several injections to stop the immunization after 180 days to obtain serum/eggs. 

25 The obtained sera and eggs were used to isolate the peptide specific antibodies 
and these were tested in Western-Blot analysis and ELISA-procedures. 

For the characterization of the uPAR variants the corresponding uPAR del4, 
uPAR del5, uPAR del4+5, and wild-type (wt)-uPAR were produced in E. coli as 
30 non-glycosylated proteins (expression vector pQE30). Furthermore, 
glycosylated wt-uPAR from hamster-cells (CHO-uPAR) was used. 
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Five of 18 antibodies showed good reactivity: these were Kan1-del4; Kan2- 
del4+5; Huhn1-del5; Huhn1-del4 and Huhn1-del4+5. These antisera showed no 
reactivity with CHO-uPAR (Figs. 11,12, 14). 

5 ELISA analysis confirmed the utility of the obtained antibodies also for the 
analysis of uPAR variants in tumor extracts (Figs. 13, 14). 

Example 1.4: Immunohistochemistry 

10 Immunohistochemical analysis was performed using standard protocols with 
mammary tumor tissue slides. The antisera Kan1-del4+5; Kan2-del4+5; Kan1- 
del4; and Huhn2-del4+5 were used. 

Huhn2-del4+5, reacts after microwave treatment also with glycosylated wt- 
15 uPAR, but also additional uPAR del4+5 staining can be seen in the tumor cell. 
Kan1-del4+5; Kan2-del4+5 show a similar staining pattern. 

Discussion of the results of Example 1: 

20 In the present study, novel alternatively spliced uPAR mRNA variants lacking 
exons 4 and/or 5 (del4, del5 and del4+5) were identified, which are present in 
high frequency in cultured mammary tumor cell lines but also in mammary 
tumor tissue. Furthermore, uPAR variant specific antibodies were produced, 
which can be used for the analysis of uPAR variants in tumor extracts, e.g. to 

25 obtain valuable information regarding the prognosis of tumor patients. 

Example 2: 

In a further study, isolated non-malignant and malignant human cells as well as 
30 breast cancer tissue were searched for alternatively spliced uPAR mRNA 
variants. For quantification of uPAR mRNA variants, two highly sensitive real- 
time RT-PCR assays based on the LightCycler (LC) technology were 
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established. Moreover, to explore the clinical significance of the expression of 
the uPAR mRNA variants a representative set of human breast cancer tissues 
was studied by real-time RT-PCR and statistical analysis were performed. 

5 The study underlying Example 2 was performed according to Examples 2.1 to 
2.4, wherein the following materials and methods were used: 

Antibodies to uPAR 

10 Monoclonal antibodies (mAbs) IIIF10 and IID7 were raised against non- 
glycosylated, recombinant human uPAR (amino acids 1-284 of human uPAR 
expressed in E. coli\ EcuPAR^iw). mAb HD13.1 was - raised against 
glycosylated, soluble recombinant human uPAR (CHO-suPAR; amino acids 1- 
277 of uPAR) produced by CHO cells and lacking the glycan lipid anchor. 

15 

Cell lines and cell lysates 

Human breast cancer cell lines BT549, T47D, and MCF-7, prostate cancer cell 
line DU145 as well as bladder cancer cell line 5637 were purchased from ATCC 

20 (American Type Culture Collection, Rockville, MD), adriamycin-resistant subline 
of MCF-7, aMCF-7, from the Max-Delbruck-Center for Molecular Medicine, 
Berlin-Buch, Germany. The human keratinocyte cell line HaCaT was obtained 
from the Department of Dermatology, Technical University Dresden, Germany. 
Cells were cultured at 37 °C in a humified atmosphere of 5 % C0 2 and 95 % air 

25 in DMEM/F-12 medium (Sigma, Deisenhofen, Germany) supplemented with 5 
% fetal calf serum (Gibco, Karlsruhe, Germany) and 80 ng/ml Refobacin 
(Merck, Darmstadt, Germany), or in UltraCulture medium (Bio-Whittaker, 
Walkersville, MD) containing 2 % fetal calf serum and 80 ng/ml Refobacin. Cells 
were harvested from monolayer cultures, resuspended in phosphate-buffered 

30 saline (PBS) (Gibco) at 5 x 10 5 cells per vial and pelleted by centrifugation at 
200 x g for 10 min at room temperature. Cell pellets were stored frozen at -80 
°C until use. Polymorphonuclear neutrophils (PMN) were prepared from blood 
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samples of healthy volunteers by standard Ficoll-Hypaque gradient technique 
as described previously. 

Cell lysates, tissue extracts and ELISA for uPA, uPAR, and PAI-1 

For determination of uPAR antigen in cell lysates, cells (5 x 10 5 cells per vial) 
were disrupted by two freezing and thawing cycles followed by solubilization of 
uPAR antigen in 100 pi Triton X-100-containing sample buffer (50 mM Tris-HCI, 
100 mM NaCI, 0.2 % [v/v] Triton X-100, 1 % [w/v] BSA, pH 7.6) for 20 min. Cell 
lysates were diluted 1:5 in sample buffer and then subjected to uPAR-ELISA 
(#893 Imubind, American Diagnostica Inc., Greenwich, CT). uPAR antigen 
levels in cell lysates are expressed as ng per 10 6 cells. 

Tumor tissue extracts were prepared from snap-frozen breast cancer tissue 
(stored in liquid nitrogen until use) in the presence of 1 % Triton X-100. The 
uPA antigen content in tissue extracts was determined by uPA-ELISA (#894 
Imubind, American Diagnostica Inc.) and PAI-1 antigen by PAI-1 -ELISA (#821 
Imubind, American Diagnostica Inc.). Protein content was determined using the 
Micro BCA protein assay reagent kit (Pierce, Bonn, Germany). Antigen levels 
are given as ng per mg of total protein. 

Western Blots 

Samples were separated by SDS-PAGE on 4-12 % gels (Novex, Offenbach, 
Germany) under reducing conditions and transferred to nitrocellulose 
membranes (Schleicher and Schuell, Dassel, Germany) by semi-dry blotting. 
After blocking, the blots were incubated with mAbs IIIF10 or IID7, and antigen- 
bound mAbs were detected using peroxidase-conjugated rabbit anti-mouse IgG 
(DAKO, Hamburg, Germany) and SuperSignal chemiluminescent substrate 
(Pierce, Bonn, Germany). 
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Flow cytofluorometric analysis 

In order to investigate expression of cell-associated uPAR variants, stably 
transfected CHO cells harboring the pRcRSV-GPI-plasmids or the vector 
5 control were incubated with epitope-mapped monoclonal antibodies (2.5 x 10 5 
cells in PBS/1% BSA; 2 pg of mAb for 30 min at room temperature; 250 jjI total 
volume). Antibodies to uPAR used were mAb IIIF10 (directed to a linear epitope 
on domain I of uPAR, aa 52-60) and mAb HD13.1 (directed to a conformational 
epitope on domain ll+lll of uPAR). After washing steps with PBS/1% BSA, 
10 uPAR-bound antibodies were probed with Alexa Fluor 488-labeled rabbit anti- 
mouse IgG (MoBiTec, Gottingen, Germany) and cell-associated fluorescence 
determined by flow cytofluorometry (FACScan, Becton/Dickinson, Heidelberg, 
Germany). 

1 5 Cloning of expression plasmids encoding splice variants of uPAR 

Cloning of pRcRSV-derived expression plasmids encoding either full length cell 
membrane-linked uPAR (GPI-uPAR) or a soluble form of uPAR (spanning 
amino acids 1-283) was performed. Both plasmids served as templates in 
20 reverse long range PCR (High Fidelity Expand PCR, Roche Diagnostics, 
Penzberg, Germany) for deletion of the DNA sequence encoding either exon 5, 
exon 4 and 5, domain I of uPAR, or domain ll+lll of uPAR (Fig. 15). Altered 
cDNA-inserts were verified by sequencing. 



25 Stable transfection of Chinese hamster ovary (CHO) cells 

CHO cells were transfected in the presence of Lipofectin™ (Gibco) with 
expression plasmids encoding soluble or GPI-linked wild-type uPAR, uPAR 
variants, or the empty vector (serving as a control). Transfected CHO cells were 
30 isolated upon G418 (geneticin) selection. In each case, expression of the 
recombinant uPAR-derived proteins was verified by ELISA, Western blot 
analysis, and - in the case of the GPI-linked variants - by flow cytofluorometry. 
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Qualitative RT-PCR foruPAR 

Cellular mRNA was isolated using the Micro Fast Track™ kit (Invitrogen, 
5 Karlsruhe, Germany) and cDNA synthesized using the cDNA-Cycle™ kit 
(Invitrogen, Karlsruhe, Germany). PGR was performed in a master mix 
containing 1 x PCR buffer (PE/Applied Biosystems, Forster City, CA), 2 mM of 
each desoxy ribonucleotide triphoshate (Stratagene, LaJolla, CA), 2 pM of 
uPAR-specific primers for uPAR-exons 1 and 6 (forward: 

10 CTCCACACCTGCGTCCCA, reverse: CTTG C AG CTGTAAC ACTG ; Metabion, 
Martinsried, Germany) (Fig. 16), 1.0 U AmpliTaq Gold™ DNA polymerase 
(PE/Applied Biosystems), and 2 pi cDNA in a total volume of 50 pi. The 
amplification profile consisted of denaturation at 94 °C for 1 min, annealing at 
49 °C for 45 sec, and primer extension at 72 °C for 45 sec in a 30-cycle 

15 reaction. Twenty pi of the PCR products were separated electrophoretically in 4- 
12 % TBE-PAGE (Novex), stained with SYBR Green (Biozym Diagnostica 
GmbH, Hess. Oldendorf, Germany), and analyzed with the Fluor-S Multilmager 
(BioRad, Munchen, Germany) using the Multi-Analyst PC software (BioRad, 
Munchen, Germany). As an internal control, glyceraldehyde-3-phosphate 

20 dehydrogenase (GAPDH) was co-amplified. Amplified cDNA was separated by 
agarose gel electrophoresis (2 %) and visible PCR products were sequenced. 

Real-time amplification of del2+3+4, cte/4+5 and the reference gene 
GAPDH- 

25 

Based on the LightCycler technology (Roche, Mannheim, Germany), real-time 
RT-PCR assays were established in order to quantify expression of uPAR 
mRNA variants and of the reference gene GAPDH. Specific PCR products were 
quantified by the detection of fluorescence signals of site-specific hybridization 
30 probes (assays for uPAR mRNA variants) or of the intercalating dye SYBR 
Green (assay for GAPDH mRNA). 
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Total cellular RNA was isolated using the Invisorb Spin Cell-RNA Mini-kit 
(Invitek, Berlin, Germany) and cDNA was synthesized using the cDNA-Cycle™ 
kit (Invitrogen). The PCR assays were performed using 2 pi of a 1:10 dilution of 
the respective cDNA products. Reactions were performed using ready-to-go 
5 PCR kits (LC FastStart DNA Master Hybridization Probes, Roche, for uPAR; 
QuantiTect SYBR Green PCR Kit, QIAGEN, Hilden, Germany, for GAPDH). All 
HPLC-purified primers were purchased from TibMolbiol (Berlin, Germany). 
Concentration of primers and probes ranged between 0.2 and 0.5 pM, Mg 2+ was 
applied at a final concentration of 2.5 mM (GAPDH) or of 3 and 4 mM (uPAR- 
10 assays), respectively. 

For amplification of both uPAR cDNA types (mRNA encompassing exons 2, 3, 
and 4 [del2+3+4 or uPAR-2/3/4]; cDNA encompassing exons 2, 3, and 6 and 
lacking exon 4 and 5 [del4+5 or uPAR-4/5]), separate PCR reactions applying 

15 the same forward primer targeted to exon 2 (5'- 
G AC CTCTGCTG C AGG AC C AC G AT-3 ') , but different reverse primers were 
used. For the del2+3+4 cDNA, a primer targeted to exon 4 
(AGGTAACGGCTCCGGGAAT) was designed to obtain a fragment length 
shorter than 200 bp (Fig. 16), which allows efficient PCR performance on the 

20 LC. Using this primer set, fragments either from the uPAR-wt and/or from the 
del5 variants are amplified. For del4+5 cDNA, a primer overlapping the 
expected exon 3-6 boundary (5'-TTTCAAGCTCCAGGACAGAGTT-3') was 
used. In both assays identical hybridization probes (uPAR-fluorescein-labeled 

. .... 5'-GGTACAGCTTTTCTCCACCAG-CTCCA-3' - and UPAR-LC640 5'- 

25 CTCTTCTCCTTCTTCCCACAAGCG-3 , ) located in exon 3 were used. 
Amplification of GAPDH was performed using the sense primer (5'- 
TGGTCACCAGGGCTGCTTTTA-3') and antisense primer (5- 
TCCTGGAAGATG-GTGATGGGATTT- 3'). 

30 The specific PCR fragments (196 bp, 182 bp, and 187 bp for del2+3+4, del4+5, 
and GAPDH, respectively) were amplified as follows: pre-denaturation 10 min at 
95 °C, 40 cycles of denaturation (10 sec at 95 °C; for GAPDH 15 sec at 95 °C ), 
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annealing for 15 sec at 66 °C (del2+3+4), 15 sec at 63 °C (del4+5) or 20 sec at 
60 °C (GAPDH), and elongation for 10 sec at 72 °C. 

The PCR assays were carried out at least twice in independent runs for each 
cDNA sample and the mean values were used for further calculations. All 
measurements were performed with aliquots of the same cDNA dilutions within 
short time periods to guarantee standardized and comparable conditions. 
Positive template detection was defined for a detection of at least 2 template 
molecules in two independent PCR reactions of the same cDNA specimens. 
Positive controls (cDNA from prostate cancer cell line DU145 expressing both 
types of uPAR mRNA, del2+3+4 and del4+5) as well as negative controls 
(without template) were measured in each of the PCR runs. 

The mRNA copy number of a single marker was calculated in relation to the 
amplification product amounts of external standards. LC capillaries were coated 
with 10 1 to 10 6 template molecules per capillary of del2+3+4, del4+5 or GAPDH 
fragments. The transcript amounts were calculated using the fit point mode of 
the LC-software version 3.1 (Roche), keeping the noiseband constantly in all 
PCR runs for the respective marker. In the GAPDH assay based on SYBR 
Green, melting curve analysis was performed to confirm the specificity of the 
amplification product (data not shown). Specific transcript quantities (zmol) were 
normalized to the transcript amounts of the reference gene GAPDH (amol) 
within the same cDNA sample. The relative mRNA expression ratio (zmol 
uPAR/amol GAPDH) was used for all calculations and statistical analyses. 

Patients 

Tumor tissue samples from 43 patients with histologically verified primary breast 
carcinoma were included in this study. The representative set of tumor patients 
was selected at random from a greater cohort of well-characterized breast 
cancer patients with long-term follow-up. Locoregional treatment of patients 
consisted of modified radical mastectomy or breast conserving surgery with 
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auxiliary lymph node dissection and subsequent breast irradiation. Adjuvant 
systemic treatment was administered according to standard recommendations 
(nodal negative patients included in the study were not treated adjuvantly). The 
patients 1 age ranged from 38 to 88 years (mean age 62 years). Median time of 
5 follow-up of patients still alive at time of analysis was 38 months (range: 4 to 80 
months). During that time, 25 patients had relapsed. 

Statistical analysis 

10 The association of histomorphological parameters, uPA-, uPAR- and PAI-1- 
antigen as well as uPAR mRNA variants with disease-free survival (DFS) was 
analyzed by Kaplan and Meier estimation using the log rank regression model 
(Mantel-Cox). As cut-off points for discriminating low-risk and high-risk patients, 
the median value of each parameter was used. Calculations were performed 

15 using the StatView statistical package (SAS Institute, Cary, NC). All tests were 
performed at a significance level of ot(p)<0.05. 

Example 2.1: Detection of uPAR mRNA splice variants in non-malignant 
and cancer cells 

20 

After RT-PCR amplification of uPAR mRNA with exon 1- and exon 6-directed 
primers, two smaller fragments in addition to the expected 624 bp uPAR-wt 
fragment were observed in 4 of the 6 cancer cell lines examined (Fig. 16). In 
non-malignant cells, predominantly one amplification product was found 

25 corresponding to uPAR-wt RNA (Fig. 16 and Fig. 17). In fact, the determination 
of the DNA sequence revealed that the sequence of the 624 bp fragment was 
identical to that reported for the uPAR-wt mRNA. The two additional fragments 
also matched the sequence of the uPAR mRNA, except that complete exons 
were deleted (Fig. 16). Specifically, the 487 bp band lacked exon 5 (del5). The 

30 327 bp band (found in aMCF-7 and BT549 and verified by sequencing) was 
missing both exon 4 and exon 5 (del4+5) (Fig. 16). The latter result revealed the 
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existence of the alternatively spliced variant del4+5 of uPAR mRNA, which is 
detectable above all in cancer cells (Fig. 17). 

Example 2.2: Detection of uPAR antigen in CHO cells transfected with 
5 plasmids encoding uPAR variants 

To elucidate whether alternatively spliced uPAR mRNA may be translated and 
posttranslationally processed, expression plasmids encoding wt-uPAR 
(Dl+ll+lll) and various uPAR variants including uPAR-DII+lll, del5 and del4+5 in 

10 a GPI-linked form were generated and stably transfected into CHO cells (Fig. 
15). By ELISA, flow cytofluorometry, and Western blot analysis, synthesis and 
secretion of wt-uPAR and the uPAR variants were demonstrated in these cells. 
When lysates of the transfected cells were analyzed by the use of the Imubind 
uPAR-ELISA (American Diagnostica Inc.), a increased absorbance in samples 

15 derived from CHO-DII+III, CHO-del5 as well as CHO-del4+5 cells compared to 
the vector control was observed, which corresponds to a certain uPAR content 
concerning the standard curve of the test (Fig. 17). For flow cytofluorometric 
analysis, two different mAbs against uPAR were used, which are directed to 
different epitopes on Dl (mAb IIIF10) and on Dll/lll (mAb HD13.1) domains of 

20 uPAR, respectively (Fig. 18A). With both mAbs, a distinct cell surface- 
associated reaction was observed with CHO cells transfected with GPI-linked 
uPAR-wt, the del5 as well as del4+5 plasmid variants (but not with the vector 
control), strongly indicating that the GPI-linked splice variants are presented at 
the cell surface. The Dl-specific mAb IIIF10 (mapped epitope aa 52-60), as 

25 expected, did not bind to CHO-DII+III cells, which emphasizes the specificity of 
the analysis. In line with this, the Dll-specific mAb IID7 but not the mAb IIIF10 
reacted with lysates of CHO cells transfected with GPI-uPAR-DII+lll plasmids 
(with and without the chemotactic peptide 88 SRSRY 92 ; Fig. 15) in Western blot 
analysis (Fig. 18B and C). Whereas both mAbs bound to lysates of GPI-del5 

30 (deletion of aa 136-180) transfected CHO cells, the Dll-specific mAb IID7 
(mapped epitope aa 125-132) did not react with the lysates of CHO-del4+5 cells 
transfected with an uPAR plasmid lacking the Dll-encoding exons (deletion of 
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aa 82-180). The rather broad bands in Western blot analysis as well as the 
increase of the apparent molecular weight of the various uPAR variants strongly 
indicate that these proteins - similarly as wt-uPAR - are glycosylated in CHO 
cells (Fig. 18B and C). 

Furthermore, soluble forms of uPAR-encoding plasmids were also expressed in 
CHO cells lacking either exon 5 or both exons 4 and 5 (Fig. 15). By ELISA and 
Western blot analyses, synthesis and secretion of wild-type uPAR and both 
uPAR variants were again confirmed in supernatants, whereas supernatants of 
vector-transfected control cells did not contain any detectable human uPAR 
antigen (data not shown). 

Example 2.3: Specificity and sensitivity of real-time LC RT-PCR assays for 
uPAR variants 



For quantification of del2+3+4 mRNA (encompassing exons 2, 3, and 4) and 
del4+5 mRNA (encompassing exons 2, 3, and 6 and lacking exons 4 and 5, 
respectively) two highly sensitive real-time RT-PCR assays applying the 
LightCycler technology were established. The concentration of standard DNA 
for capillary coating in this system was exactly determined by HPLC calibration. 
This clearly improved the sensitivity and the reproducibility of the assay (CV<10 
%; Fig. 19). 

In dilution experiments using different amounts of external DNA standards (10 1 
to 10 5 template molecules of both standards), the false-positive detection rate of 
the del4+5 assay caused by mispriming of exon 3/6 specific reverse primer to 
the exon 3 terminus of del2+3+4 cDNA was calculated. Data from two 
independent series of experiments indicate that less than 0.5 % of the 
fluorescence signals detected in the deI4+5 PCR are originating from exon 4- or 
exon 5-containing templates. In contrast, applying the del2+3+4 assay, no 
target sequence in the deleted transcript template exists. As expected, no 
illegitime amplification products were detected (data not shown). 
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Example 2.4: Expression of uPAR variants in primary breast cancer and 
its correlation with disease-free survival 

5 To determine del2+3+4 as well as del4+5 mRNA expression in breast 
carcinoma, real-time LC RT-PCR assays were performed using total RNA 
prepared from tumor tissue samples of 43 patients afflicted with primary breast 
cancer. Using the above described detection limit, de!2+3+4 and del4+5 mRNA 
were found in 91 % and 97 % of the tissue samples investigated, respectively. 

10 The median transcript ratios were calculated as 0.222 zmol del2+3+4 per amol 
GAPDH and as 0.0125 zmol del4+5 per amol GAPDH. As shown by regression 
analysis, del2+3+4 mRNA levels of tumor samples correlated significantly to the 
respective uPAR antigen content (R=0.573, p<0.0001). In contrast, no 
correlation between del4+5 mRNA and uPAR antigen levels was found (Fig. 

15 20). In line with this, there was no correlation between del2+3+4 and del4+5 
mRNA expression (data not shown) indicating that the del4+5 splice variant is 
independently generated from uPAR mRNA variants covering exon 4 {i.e. 
uPAR-wt and del5). In about 50 % of the analyzed tumors the ratios of del4+5 
versus del2+3+4 mRNA were greater than 0.043 (median), in 25 % of the 

20 tumors the value was greater than 0.5. Strikingly, high del4+5 versus del2+3+4 
ratios were associated with high relapse frequency (Fig. 21). 

By univariate Cox regression analysis, an elevated level of del4+5 mRNA in 
tumor tissue (>0.0125 zmol/amol GAPDH) significantly correlated with an 

25 increased frequency of disease recurrence and thus with poor prognosis 
(p=0.0004) was found, whereas uPAR antigen and del2+3+4 mRNA did not 
(Figs. 22 and 23). A strong association between lymph node status of the 
patients and del4+5 mRNA expression in the tumors could not be found, since 6 
out of 20 patients with low and 8 out of 19 patients with high del4+5 expression 

30 were nodal positive. In addition, Fig. 22 depicts the relationships between 
relapse frequency and histological grade as well as clinically relevant prognostic 
markers such as uPA and PAI-1. As expected, there was a significant 
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association between lymph node status, histological grade, uPA- as well as 
PAI-1 -antigen levels and DFS indicating that the randomly selected and 
analyzed set of tumor specimens was representative. The Kaplan-Meier 
survival curves (Fig. 23) also demonstrate that patients with high levels of 
5 del4+5 rnRNA in tumors have substantially shorter DFS. 

Discussion of the results of Example 2: 

In the present study, the alternatively spliced uPAR rnRNA variant lacking both 

10 exons 4 and 5 (del4+5) is described, which is present in high frequency in 
cultured malignant human cells but also in breast cancer tissue. By expression 
of both soluble and GPMinked variants of deI4+5 in CHO cells, it could be 
demonstrated that this splice variant lacking both exons 4 and 5 (coding for 
complete Dll) is translated and post-translationally processed. Thus, secreted 

15 soluble del4+5 protein in supernatants as well as GPI-anchored de!4+5 protein 
on the cell surface expressed by stably transfected CHO cells could be 
detected. In Western blot analysis using a Dl-specific antibody, it could be 
observed that not only the wt-uPAR (DI+II+III), but also the expressed splice 
variants del5 and del4+5 gave the expected broad band characteristics of 

20 human highly glycosylated uPAR. In addition, a Dll-specific antibody (mapped 
epitope: aa 125-132) binds to both Dll-containing uPAR and del5 protein 
variants, but did not recognize the del4+5 protein. With regard to these results, 
it is likely that at least in tumor cells and tissue extracts, in which a rather high 
del4+5 expression could be found, an uPAR protein variant lacking Dll is 

25 produced. 

In ELISA, applying the Imubind uPAR-ELISA, an increased absorbance in both 
supernatants and lysates of stably transfected CHO-DII+III, CHO-del5, and 
CHO-del4+5 cells compared to the vector control could be found, which 
30 corresponds to a signal indicating a certain uPAR content in relation to a 
standard curve achieved with soluble recombinant wt-uPAR. This indicates that 
the commercially available uPAR ELISA may not only detect wt-uPAR but also 
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uPAR protein variants. The measured uPAR protein content in lysates of cancer 
cells by this ELISA may, therefore, be a result of the protein expression of 
different uPAR mRNA variants, which are present in these cells. Thus, these 
findings stress the need of well characterized antibodies as such described in 
the present invention and ELISA-formats in setting up detection and 
quantification of uPAR antigen in tumor samples. In addition, it is tempting to 
speculate that tumor cells produce additional forms or variants of uPAR, which 
may contribute to the at least in part conflicting results concerning the 
prognostic relevance of uPAR in cancer patients. 

The presence of more than one mRNA form derived from the same gene is a 
common observation for a growing number of proteins. These forms may result 
from alternative splicing, retained intronic segments or the utilization of 
alternative transcription initiation or polyadenylation sites. Variation of the 
splicing process occurs during tumor progression and may play a major role in 
tumorigenesis. Especially for many cancer-associated genes - such as CD44, 
WT-1, survivin, mdm2, MUC-1, and VEGF - a broad spectrum of alternatively 
and/or aberrantly splice variants with different and often oncogenic functions 
have been identified. However, only a few of the described mRNA splice 
variants are both expressed in a biological relevant concentration and 
detectable in a significant amount. Furthermore, often it is unknown whether 
these variant transcripts are translated into protein. Characterization of splice 
variants of a gene may still be of importance. In addition to any biological role, 
such variants may have the potential of being useful diagnostic markers. For 
quantification of uPAR mRNA variants encompassing exons 2 to 4 (del2+3+4) 
and encompassing exons 2, 3, and 6 (del4+5), respectively, two highly sensitive 
real-time RT-PCR assays based on LightCycIer technology were established. 
Analysis of its expression in breast cancer tissues as shown in the present 
study, or in other cancer tissues (unpublished observation), indicates that the 
mRNA variant del4+5 is expressed frequently and independently of uPAR 
variants covering exon 4 (i.e. uPAR-wt and del5). In about 25 % of the analyzed 
breast carcinomas, the mRNA expression ratio of del4+5 in relation to del2+3+4 
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was greater than 0.5 indicating that the del4+5 mRNA splice variant could be of 
physiological significance. In addition, it was demonstrated - in this small but 
representative set of breast cancer specimens - that high del4+5 mRNA levels 
are significantly associated with a short disease-free survival of the patients, 
5 whereas uPAR antigen and del2+3+4 mRNA did not. It is tempting to speculate 
that the weak prognostic impact of uPAR antigen content of tumor tissue 
extracts or cytosols in comparison to the impact of other components of the 
plasminogen system such as uPA and PAI-1 is due to a masking of the levels of 
prognostic relevant uPAR variants by other uPAR forms. The preliminary 
10 observation that del4+5 protein expressed in CHO cells does not interact with 
uPA raises the questions, if there are any other interaction partners and if there 
is an uPA-independent tumorbiological role of this cell surface-associated 
receptor variant lacking DM. 

15 Taken together, the results of Example 2 suggest that the detection of del4+5 
mRNA may serve as a novel prognostic marker at least in breast cancer and 
possibly also in other malignant tumors. Nevertheless, these data have to be 
validated in greater cohorts of cancer patients. In addition, the transfected CHO 
cells which selectively express the tumor-associated splice variant of uPAR on 

20 their surface can be used to analyze the characteristics of this variant 
concerning interaction with uPA, integrins, and extracellular matrix proteins 
such as vitronectin. 



